CORROSION INfflBITING SOLUTIONS FOR ABSORPTION SYSTEMS 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is related to commonly owned Provisional Application Serial No. 
5 60/153,1 10, filed September 7, 1999, incorporated by reference in its entirety, and claims 
the benefit of its filing date under 35 USC Section 1 19(e). 

FIELD OF THE INVENTION 

This invention relates generally to corrosion inhibiting solutions, and in particular 
to corrosion inhibiting absorption solutions which include corrosion inhibiting agents. 

10 BACKGROUND OF THE INVENTION 

Aqueous solutions of ammonia are useful as absorbent fluids in a variety of 
systems, such as absorption refrigeration machines, air conditioning systems, absorption 
heat pumps, reactifiersl and the like. Many of these systems also include heat 
exchangers. These systems^typically operate under anaerobic conditions at temperatures 

15 of up to 450°F. Typically such solutions include ammonia in an amount ranging from 
about 1 to about 50 weight percent, based on the total weight of the solution. 

. Aqueous solutions of. alkali metal and/or alkaline earth metal hydroxides, such. as. 
solutions of calcium-hydroxide; potassium-hydroxide, cesium hydroxide and the hke and 
mixtures thereof, are also used in absorbent fluids, for example in absorption cooling 

20 machines, chillers, and heat pumps. Typically such solutions include alkali metal and/or 
alkaline earth metal hydroxide in an amount ranging from about 20 to about 80 weight 
percent, based on the total weight of the solution. 

Although these and other types of absorption solutions can be advantageous, 
aqueous ammonia, alkali metal hydroxides and/or alkaline earth metal hydroxides can be 

25 corrosive toward the materials used to construct the machines. Such materials can 

include mild and stainless steel for containment components and copper or copper-nickel 
alloys for tube bundles (typically for machines in which alkali metal hydroxide and/or 
alkaline earth metal hydroxide solutions are used), among others. 

In addition to the surface damage caused by corrosion, the corrosion reaction 

30 • evolves hydrogen gas as a byproduct. Incondensibles in the form of atoms or ions can 



-1- 



AttyDktNo: 208-6139. 



easily enter and diffuse into metals, resulting in the degradation of their mechanical 
properties under certain conditions. 

The severity of corrosion can vary depending upon factors such as temperatures 
of the system, concentration of ammonia, alkali metal hydroxide and/or alkaline earth 
5 metal hydroxide in the absorption solution, metals used in the construction of the unit, the 
presence of air, and the like. For example, during use, the internal temperature of such 
machines can be high, typically up to about 450T and higher, depending on the type of 
the absorption cycle, which can increase the corrosive effect of the solution. As noted 
above, corrosion can generate significant amounts of hydrogen during machine operation, 

10 which can adversely impact the performance of the machine. 

Various additives, such as lithium chromate, lithium nitrate, and lithium 
molybdate, have.been proposed as corrosion inhibitors in absorption solutions. However, 
lithium chromate can raise enyironniental concerns, and its use is being phased out. 
FurtheOh^ lis^ver and its oxidation state must be carefully maintained. 

15 Chromate acts as an oxidant. Thus typically large quantities of chromate are added 
initially and must be replaced periodically to maintain the desired level of corrosion . 
inhibition. If too little chromate is used, then it does not properly passivate the whole 
metal surface and. pitting can. result. .... 
^ .Lithium nitrate can potentially evolve ammonia, which can cause stress corrosion 

20 cracking of copper based alloys such as heat exchanger tubes. Lithium molybdate 
exhibits only limited solubility in anraionium, alkali metal hydroxide and/or alkaline 
earth metal hydroxide solutions. In addition, lithiuni molybdate is metastable in aqueous 
ammonium, alkali metal hydroxide, and/or alkaline earth metal hydroxide solutions.. 
Thus it can be difficult to maintain in aqueous ammonia, alkali metal hydroxide, and/or 

25 alkaline earth metal hydroxide solutions and to maintain a constant concentration of 
molybdate ions in solution. 

U.S. Patent No. 5,342,578 reports the use of silicon compounds, in particular 
sodium silicate, as inhibitors for aqueous ammonium solutions. However, at a certain 
critical ammonium concentration, the effectiveness of such silicon compounds is 

30 diminished. Further, such silicon compounds can have limited solubility in an aqueous 
medium. 
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Pending U.S. Patent Application 08/882,771, filed June 26, 1997, titled 
"Corrosion Inhibiting Solutions for Refrigeration Systems," is directed to the use of 
heteropoly complex anions of transitional elements as corrosion inhibition additives. 
Refrigeration absorption formulations which included heteropoly complex anions as a 
5 component exhibited improved corrosion inhibition properties and low generation of 
hydrogen gas that is evolved due to the corrosion reaction of alkali halide solutions with 
the materials of construction of the refrigeration machine. Pending U.Si. Patent 
Application Serial No. 08/896,1 10, filed July 17, 1997, titled "Corrosion Inhibiting 
Solutions for Refrigeration Systems," is directed to the use of halide compounds of 
.10 metallic elements of group Va, and demonstrated that alkali halide formulations 
" * y ■ ; containing these elements offer improved corrosion protection and low hydrogen as 
. . . . compared to conventional corrosion inhibitors. 

: : . ' \ summary of the invention 

, . : V r *■* The present invention provides aqueous anmionia solutions which are useful as 

" * 15 absorption fluids for absorption machines. In one aspect of this embodiment of the - 

. - invention, the absorption solution contains at least one heteropoly complex anion of 
. ... . J... .transition .metal.elements as a corrosion inhibitor Altemativelx the absorption solution . 
-r:^}ii3it^^^^ of at least one heteropoly complex anion of transition metal elements-- - 

.. " ' • - rj/ -with at'least one other transition metal compound or salt as corrosion inhibitors. In yet 
20 another aspect of this embodiment of the invention, the absorption solution contains a 
mixture of at least one heteropoly complex anion with at least one compound or salt of 
the metallic elements of the groups Ela to Via of the Periodic Table of Elements as 
corrosion inhibitors. In yet another aspect of this embodiment of the invention, the. 
solutions include at least one salt of a metallic element of Group Va of the Periodic Table 
25 of Elements, such as a halide or oxide thereof, and preferably antimony bromide (SbBra), 
as a corrosion inhibition additive. 

Another embodiment of the invention provides alkali metal and/or alkaline earth 
metal hydroxide solutions, such as solutions of Uthium hydroxide, calcium hydroxide, 
potassium hydroxide, sodium hydroxide, cesium hydroxide, and the like and mixtures 
30 thereof, which are useful as absorption fluids for absorption machines. In one aspect of . 
this embodiment of the invention, the absorption solution contains at least one heteropoly 
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complex anion of transition metal elements as a corrosion inhibiting additive. 
Alternatively the absorption solution contains a mixture of at least one heteropoly 
complex anion of transition metal elements with at least one other transition metal 
compound or salt as corrosion inhibitors. In yet another aspect of this embodiment of the 
5 invention, the absorption solution contains a mixture of at least one heteropoly complex 
anion with at least one compound or salt of the metallic elements of the groups nia to 
Via of the Periodic Table of Elements as corrosion inhibitors. In yet another aspect of 
this embodiment of the invention, the solutions include at least one salt of a metallic 
element of Group Va of the Periodic Table of Elements, such as a halide or oxide thereof^ 
10 - and preferably antimony halide, as a corrosion inhibition additive. 

The compositions of the invention containing the above noted corrosion inhibitors 
- - i - - . provide improved corrosion protection for the materials of construction of the absorption 
machine. The formulations of this invention which contain the noted additives can also 
; ; !L provide stable formulations, the^ 

15 and/or alkaline earth metal hydroxide solutions having a sufficient concentration of the 
• * desired corrosion inhibiting agent.' In additioii, the solutions can reduce hydrogen 

generation and thus enhance performance of the absorption machines, due to reduced 

accumulation of non-condensable gas in the absorber. Still further, use of the absor^^^ 

, V . solutions in an absorption machine can result in a protective layer containing magnetite 

20 (iron oxide) formed on carbon steel. The inventors have found that protective layer 
which forms as a result of using the solutions of the invention can be more corrosion 
resistant than oxide layer formed in the presence of conventional corrosion inhibitors, 
such as lithium molybdate, in which magnetite film tends to be more amorphous and less 
developed. The solutions are useful in any of the types of absorption machines known in 
25 the art, such as absorption refrigeration machines, chillers, air conditioning systems, heat 
exchangers, heat pump systems, and the like. 

The present invention also provides processes for inhibiting corrosion of 
absorption machines, such as refrigeration machines, using the absorption solutions of the 
invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention will be described more fully hereinafter in connection with 
illustrative embodiments of the invention which are given so that the present disclosure 

5 will be thorough and complete and will fully convey the scope of the invention to those 
skilled in the art. However, it is to be understood that this invention may be embodied in 
many different forms and should not be construed as being limited to the specific 
embodiments described and illustrated herein. Although specific terms are used in the 
following description, these terms are merely for purposes of illustration and are not 

10 intended to define or limit the scope of the invention. 

The heteropoly complex anions of transition metal elements can be generally 
described as coordination-type salts and free acids with a complex and high molecular - • * 
weight-anion. . The heteropoly complex anions include as a ligand or complexing-.agen^^^^^ - ./ 
least one transition metal atom which, as an ion in solution, exhibits corrosion inhibiting- ^ • \ ; ; ■ 

15 properties iii absorption systems. The heteropol)^ complex anions useful in the solutions ; ' 

of the invention also are preferably substantially completely soluble in anmionia solution, . • ^ " . ♦ 
so as to maximize thexoncentratipn of thexorrosion inhibiting ions in solution. The s. ^\ . ~ 

heteropoly anions contain complexed transition metal, atoms (such as Mo). Thefefolt;^th^ 
dissolved heteropoly anions can provide a higher level of transition metal anions (Mo r., . . 

20 anions) in a solution, as compared to simple transition metal oxides, such as molybdates 
like lithium molybdate. 

Any of the heteropoly complex anions known in the art can be used in the 
invention, including compounds described in the above-referenced U.S. Patent 
Application Serial No. 08/882,771, filed June 26, 1997, the entire disclosure of which is 

25 incorporated herein by reference. Such complexes can be generally represented by tiie 
following formulas: 

[XaMbOc]'", 
[XaZdMbOc]'", 
[XaZdMbOcHe]-", 

30 [XaMbOc(OH)f]-^ and 

[XaZdMbOc(OH)f]-", 
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wherein: 

X and Z are central heteroatoms from Groups I-VHI of the Periodic Table of 
Elements; 

the value of a varies and is 1 or 2; 

the value of d varies and is an integer from 0 to 4; 

MbOc, MbOcHe, and MbOc(OH)f are oxoanions in which M is a transition metal 
element; the value of b varies, depending upon the number of transition metal atoms 
present in the oxoanion and can be an integer from 5 to 22, preferably 6 to 12; the value 
of c varies, depending upon the number of oxygen atoms present in the oxoanion attached 
to the transition metal and also capable of forming unique structural groups with the 
central atoms, and is an integer from 20 to 70, preferably from 24 to 40; the value of e 
varies (for example in the reduced heteropolyanion, the value of e varies depending upon 
the reduction of the heteropolyanion) and is an integer from 0 to 6; and the value of f 
varies and is ian integer froiri 0 to ' ''^^^^^-r-, - 

n is the charge of the anion and is the sum of the charges on X, Z, M, O; H, and 
OH: ■ ■ - • - - - ■ 

' Although the above formulas are general representations of tfie heteropoly 
•complex anions useful in*the"invention; aVwiUbe" appreciated by M-sjqilled.aifis^in, other 
coriipounds can also be included. Also as these formulas represent, iii some ;heteropoly • 
complex anions, H atoms in addition to the O atoms have been reported. Any of the 
various heteropoly complex anions known in the art can be used in the invention, 
including compounds described by G.A: Tsigdinos, Topics Curr. Chem., vol. 76, 5-64 
(1978) and D.L. Kepert, Comprehensive Inorganic Chemistry (A.F. Trofman et al.) 
Oxford:Pergamon Press, vol. 4, pp. 607 (1973), the entire disclosure of each of which is 
incorporated herein by reference. 

With regard to the central or heteroatom X, over 40 different elements (both 
metals and nonmetals) from Periodic Groups I-VHI can function as central atoms in 
distinct heteropoly complex anions. For example, X can be an elements selected from 
Groups IVB, VB, VIE, VlIB, Vm, IB, HE, UIA, IV A, and VA of the Periodic Table of 
Elements. Exemplary central atoms include, but are not limited to, ions of phosphorus, 
silicon, manganese, arsenic, boron, iron, tellurium, copper, zinc, aluminum, tin. 
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zirconium, titanium, vanadium, antimony, bismuth, chromium, gallium, germanium, and 
the like. 

M is a 2-18 hexavalent transition metal element atom, which surrounds one or 
more central atoms X. The transition metal atom M is selected from those elements 
which as ions in solution provide corrosion inhibiting effect in absorption systems. 
Preferably the transition metal element M in the oxoanion is derived from molybdate or 
tungstate. Other transition metal elements can also be present, as represented in the 
formula as Z, such as but not limited to, an element selected from Groups IVB, VB, VIB, 
VUB, vm, IB, HE, niA, rVA, and VA of the Periodic Table of Elements. Exemplary 
elements include without limitation manganese, cobalt, nickel, copper, zinc, vanadium, 
niobium, tantalum, gallium, germanium, arsenic, antimony, bismuth, tellurium, and the 
like and other transition elements. ^ ! ' 

Exemplary heteropoly complex anions include; but are not limited to, 
phosphomolybdates; such as but not liimted^,*CE|^>i^'^^Wfeei3eiii P^'vslflie central 
atom or heteroatom, [PMoioV2046r^' and the likeTsilicbh molybdates, such as but not 
Umited to* [SiMouki04oH2]■^ wherein Si"^ is the central atom; manganese molybdates, 
such as but not limited to, [MnM09032]"^ wherein Mn*- is; the central atom; silicon 
-"^tuiigStkes; Stich;as:but^ot U tor[Siwr20<i5]-^*;whefeii^^ is the central atom; 
tellurium molybdates, such as but not limited to, IJTeMQeOiiJ". . wherein Te is the 
central atom; arsenic molybdates, such as but not limited to, [As2Moi8062l'^. wherein 
As^^ is the central atom; manganese niobiates, such as but not limited to, [MnNblZOse]' 
wherein Mn** is the central atom; and the like, and mixtures thereof. Cuirently 
. preferred heteropoly complex anions are phosphomolybdates. 

. The heteropoly complex anions which have been structurally characterized can be 
divided into the broad groups, depending upon the heteroatom [X], transition metal atom 
[M] stoichiometry, and upon the coordination number of the heteroatom (that is, the 
number of points at which M is attached to the heteroatom in the complex). The 
heteropoly complex anions can be classified according to the ratio of the number of the 
central atoms to the peripheral molybdenum or other such atoms. For example, the 
different types of known heteropoly complex anions of molybdate show the following 
X:M ratio with one or more central atoms: X:M = 1:12, 1:11, 1:10, 1:9, 1:6, 2:10, 2:17, 
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2:5, 4:12, lin:6m (m unknown) and 1:1 heteropoly complex anions. The known 
tungstates include all of the above in addition to 2:18, 2:17 and 2:4:18. 

In a preferred embodiment of the invention, the transition metal of the heteropoly 
complex anion is molybdenum or tungsten, and more preferably molybdenum. A 

-3 

5 particularly preferred solution includes the heteropoly complex anion [PM012O40]" • 
Transition metal compounds or salts useful in the invention are selected from 
compounds of transition metals which are capable of providing the transition metal 
element as ions in aqueous ammonia solution for complexing with the chosen heteropoly 
anion. The transition metal element of the transition metal compound can be the same or 

10 different from the transition metal of the heteropoly anion complex. Exemplary 
transition metal compounds or salts include nitrates, halides, oxides, and the like, 
preferably a halide, of the transition metal elements such as cobalt, nickel, tungsten, 
zirconium, manganese, chromium, and the like; and mixtures thereof. 
^' The-cbmifcunds or salts of the^mc^^ 

15 Periodic Table of Elements are also selected^from compounds which are capable of 
• providing the metallic elements of Group liUa to:Ma as.ions in ammonium solutions. 
Exemplary compounds or salts of the metallic elements of Groups Hla to Via include 

:Z \ oxides; sul&ides/haUcles, nitrates; aiid.!th^^ i>halide,v6T- metallic elements of 

Group ilia to Via, such as antimony, germa^^ For example, the above- 

20 . referenced U.S. Patent AppUcation Serial No.:08/896;ilO, filed July 17, 1997, describes 
halides of metallic elements of Group Va of the Periodic Table of Elements which can be 
useful in the invention, although other compounds can also be useful in this invention. 
Exemplary halides of Group Va metallic elements (i.e., arsenic, antimony, and bismuth) 
include antimony bromide, arsenic bromide, and bismuth bromide, and the like and 

25 mixtures thereof. The entire disclosure of pending U.S. Application Serial No. 
08/896,1 10, filed July 17, 1997, is incorporated herein by reference. 

Salts of the Group Va metallic elements (i.e., arsenic, antimony, and bismuth) can 
include, for example, oxides and halides, such as bromide, chloride, or iodide, and 
preferably is bromide. Exemplary halides of Group Va metallic elements useful as 

30 corrosion inhibiting agents in the absorption solutions of the invention include antimony 
bromide (SbBra), arsenic bromide, and bismuth bromide, and the like and mixtures 
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thereof. These Group Va metallic elements as ions in solution can exhibit corrosion 
inhibiting properties in absorption refrigeration systems. 

The heteropoly complex anions, transition metal compounds, compounds of 
metallic elements of Groups Ilia and Via, and salts of Group Va metallic elements are 
5 present in the compositions of the invention in amounts sufficient to provide the desired 
corrosion inhibiting effect. This amount can vary depending upon various factors, such 
as the solubility of the compounds in the absorption solution, the nature of the ions, 
. temperatures in the machine, concentration of ammonia in aqueous solution, alkali metal 
hydroxides and/or alkaline metal hydroxides in solution, metals used in die construction 
.10 of the unit, the presence of air, and the like. Preferably, the absorption solutions of the 

invention include at least one heteropoly complex anion in an amount ranging from about 
100 parts per million (ppm)..to:about 3000 ppm, more preferably about 200 ppm to about, 
800 ppm. Transition metal cbmpounds or compounds of the metallic elements of Group 
- - • ma to Vlacan bepiresei^lmtl^^ about 10 parts per 

' . : 15 " - million (ppm) to about "SOOO^ppmr Saits^of metallrc elements of Group Va can be present 
• • r • V: :! in an amount ranging from :about^l0^.part^^^ to about 5000 ppm, and 

•//V. . . preferably from about.l-50'ppm to^about 400 ppm. The corrosion inhibiting agents can 
-'^■r : v::":^^ >■ :5A;al$o be; useful in anMnts^^afefe^ aslthe agent is present in an 

^r. : V • ^amount sufficient to prpSadeiQojxo^ion inhibition pro^ 
• 20 The aqueous anmionium absorption solution can include animonia in 

conventional amounts. An exemplary solution includes ammonia in an amount from 
" about 1 to about 50 weight percent, preferably about 5 to about 50 weight percent, based 
on the total weight . of the solution, although as the skilled artisan will appreciate, amounts 
outside of this range can be used as well. 
25 The alkali metal hydroxide and/or alkahne earth metal hydroxide absorption 

solutions can include alkali metal hydroxides, alkaline earth metal hydroxides and 
mixtures of alkali metal hydroxides and alkaline earth metal hydroxides in conventional 
amounts. An exemplary alkali metal and/or alkaline earth metal hydroxide absorption 
solution includes alkali metal and/or alkaline earth metal hydroxide in an amount from 
30 about 20 to about 80 weight percent, preferably about 10 to about 70 weight percent, 
based on tiie total weight of the solution, although asjhe skilled artisan will appreciate. 
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amounts outside of this range can be used as well. The alkali metal and/or alkaline earth 
metal hydroxide can be, for example, calcium hydroxide, potassium hydroxide, cesium 
hydroxide and the like and mixtures thereof. 

Further, the absorption solution can include lithium nitrate, molybdate and/or 
5 chromate in conventional amounts. Still further, the absorption solution can include 
halides, such as zinc halides, which can be particularly useful in high temperature 
applications (generally about 450°F and higher). The zinc halides can be present in 
amounts up to about 50 weight percent. 

The present invention also provides processes for inhibiting the corrosion of an 
10 absorption machine (such as a refrigeration machines) resulting from the presence of 
aqueous ammonium, alkali inetal hydroxide and/orilkaline earth metal hydroxide 
absorbent solutions. In'the ptocess of the invention, the above described aqueous 
ammonia, alkali metal Kydfokide and/or aUcaline.earth metal hydroxide solutions which 
" " include at least one hetefoppif^'ion^omp^^^^ of the heteropoly anion 

"15 complex' With a trahsffiol nieSa"26mp6uri^ a compound of the metallic elements of 
' - 'Groups ma to Via, of i' RMM^ Va of the Periodic Table of 

Elements is circulated in-^ah^absoi^^ 
'^"i sufficient to pi'bvidfe^z^'eiDlTotio^^ the skilled artisan will appreciate, 

- • - the environment or c6n<^^ 
20 refrigeration machines can vai^y. Typically , the temperature of the machine can be as 
high as 550°F, and higher. Thte solutions are particularly advantageous for high 
temperature applications. 

■ The present invention will be further illustrated by the following non-Umiting 

examples. 

7 

25 Example 

Aqueous anunonium solutions (3%) having different corrosion inhibitors were 
prepared. Sodium chromate was the corrosion inhibitor in one solution. Sodium 
chromate is a corrosion inhibitor conventionally used in such machines. Solutions in 
accordance with the present invention including the heteropoly complex anion 
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phosphomolybdic acid (PMA) and this complex in combination with an antimony halide 
[Note to Shyam - did you use] were also prepared. 

The solutions were tested to determine the effectiveness of the corrosion 
inhibitors. Specifically tests were performed in a pressure vessel autoclave with 
5 temperature control of (+/- 2*"?). The solutions used in thei tests were prepared as 3% 
ammonia concentration. The alkalinity of the solutions was adjusted with lithium 
hydroxide to control the solution pH at a level that optimized the performance of each 
chemical or generally accepted in the industry. 

Pre-weighed metal coupons of C1018 carbon steel were placed in and above the 
10 ■ solution contained in a 2 liter cylinder made of inconel-600 material which fits into the 
- furnace;- ^Iri order to eliminate the air from the headspace, the cylinder containing the 
. '^'Muti^n wa^ P™^P pri^^ starting the test. The solution was 

;:';;heM:J:i);4Gj3^ for a period of 168 hours. 

*:S^^^#^pn^^^^^ coupons were removed and cleaned by ASTM method 

15 - ''tjl -90rThe coirdsiori rafe was calculated from the weight loss. The level of hydrogen 
. : •^^^:^ggnfeWd^yuiSftg 'the test^v-as ^alsb "determined at the end of each test. The results are set 

-i'^^i^^^^&-r'\ -'ur : .'•r^.v./-; ^: - • Table 1 . * 

/ -t:.^^^^ 5f carbon steel in aqua-anmionia solution 

20. > - " ' ' ' • (3% ammonia solution) at 400TF in one week. 



Additive 


Corrosion rate (mils per year) 
for carbon steel in 


Hydrogen 
generated 

mg/in^/week 


Surface evaluation 


Liauid Vapor 


Sodium chromate 
(2000 ppm) 


2.08 


3.16 


0.99 


Crevice and pitting 
corrosion in liquid 
or vapor . 


PMA (300 ppm) 


2.00 


2.77 


0.48 


No crevice or 
pitting corrosion. 
Excellent 

protection in liquid 
and vapor 


PMA/Sb complex 
(400 ppm) 


0.25 


0.20 


0.93 


No crevice or 
pitting corrosion. 

Excellent 

protection in liquid 
and vapor 
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As the data illustrates, the corrosion inhibitors of this invention resulted in 
excellent corrosion protection since the coupons from these tests showed no crevice and 
pitting corrosion. On the other hand, coupons from the chromate inhibited solution 
5 showed crevice and pitting corrosion. Also, the corrosion rate and hydrogen levels 
observed for the chromate inhibited solution were higher. 

Specifically, in the presence of chromate inhibitor, the hydrogen level is 0.99 
mg/in^/week. Compared to sodium chromate, PMA corrosion inhibitor showed 
significant lowering of hydrogen generation and a small decrease in corrosion rate. The 
40 - hydrogen level was reduced by almost 50 percent. The coupons exposed to solution 

*rCon:taining PMA inhibitor showed excellent protection due to formation of a stable film, 
r^f:; No^creyice or pitting corrosion was observed. 

^c^l' r:0:.:::ir /r,. complex was used, corrosion rate was significantly 

showed a protective film formation. No crevices or pitting 
-^1-5 >f':^e&rr6sibn^ W2S' 'observed. With this complex a lesser reduction in hydrogen was observed 

r:^y^^. r:;,.,. >:.Many;modifications and other embodiments of the invention will come to mind to 
■S^af^^onrs^ pertains- having the benefit of the teachings 

descriptions. Therefore, it is to be understood that the 
20 inveiitiori is not to be limited to the specific embodiments disclosed and that 

modifications and other enibodiments are intended to be included within the scope of the 
appended claims. Although specific terms are employed herein, they are used in "a 
generic and descriptive sense.only and not for purposes of limitation. 
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